ABSTRACT
INTRODUCTION
Mite distribution studies have showed the presence of six species of Macrocheles in Malaysia namely Macrocheles kraepelini and Macrocheles hallidayi (Walter & Krantz 1986) , Macrocheles merdarius, M. muscaedomesticae, M. krantzi and M. subbadius were found on flies inhabiting poultry manure (Ho 1988) . Currently there is no report of the genus Macrocheles on carcasses in Malaysia. Information on M. scutatiformis found on rabbit and monkey carrions in a secondary forest presented here provides further details of these carrion-frequenting mites. The present study is an attempt to determine the impact of different types of carcasses on the diversity of acari in a tropical secondary forest.
MATERIALS AND METHODS

STUDY SITE AND EXPERIMENTAL DETAILS
The study was conducted in a lowland secondary forest (42 m asl) at the Forensic Science Simulation Site of the Faculty of Health Sciences, Universiti Kebangsaan Malaysia, Bangi, Selangor (2.90°N, 101.80°E). A total of six carcasses consisting of three monkeys, Macaca fasicularis (Raffles) and three New Zealand white rabbits, Oryctolagus cuniculus (Linnaeus) were individually placed in the middle of a steel cage (0.61 × 0.61 × 0.61 m 3 ) and was observed for 35 days for the presence of arthropods. The rats and rabbits were obtained from the Animal House Facility, Faculty of Medicine, UKM while monkeys were provided by the Department of Wildlife and National Parks, Peninsular Malaysia (PERHILITAN). Prior to placement of carcasses, the animals were killed by fatal dose of intravenous injection of sodium pentobarbital (Dolethal). The killing procedure fulfilled the animal ethic guidelines as approved by the Animal Ethic Committee, Faculty of Medicine, UKM.
ACARI SAMPLING
Sampling of acari was performed daily at 10 am every morning for a period of 35 days starting from the day after placement of carcass in the study site. Sampling methods were as follows:
Two pitfall traps (Morill 1975) were set up at a distance 20 cm from the top and bottom of each carcass for collection of crawling arthropods. The traps which consist of a collecting bottle containing 70% ethanol was checked everyday for the presence of arthropods and the bottle with samples was then replaced. Soil samples were also taken from approximately 2 cm beneath each carcass daily using a spatula (Van Belle et al. 2009 ). The collected arthropods were identified at the Institute for Medical Research (IMR) in Kuala Lumpur. The samples were processed in the laboratory using heat escape method modified from the Berlese/Tullgren funnel (Southwood 1978) .
MOUNTING OF MESOSTIGMATID MITES
Specimens were cleared in lactophenol for not less than 1 week at room temperature. For heavily sclerotized mites, the lateral margins were punctured to facilitate penetration of lactophenol. A drop of Hoyer's medium was placed on a glass slide prior to transferring of a mite from the lactophenol to the Hoyer's medium. The mite were pushed to the bottom of mounting medium and orientated so that it is ventral side up. A cover slip was placed over the medium and slides were kept in an incubator at 40°C for 1 week. The mounted specimens were identified using taxonomic keys (Krantz & Walter 2009 ). Slides of identified mites were sent to Dr. Gen Takaku in the Biological Laboratory, Hokkaido, University of Education, Sapporo, Japan for confirmation of identification.
RESULTS AND DISCUSSION
The mites were recovered as early as on the third day of death till towards the end of the observation period. Most mites were collected after the first week of observation. This is in accordance with a similar study conducted in the rain forest of Oahu in Hawaii, USA (Goff 1991) . The carcasses in Hawaii were showed to associate with more mites starting from day 11th of observation. There are all together three species of Macrocheles i.e. M. kraepelini, M. muscadomestica and M. scutatiformis. However the most recovered was the last species (Tables 1 & 2) . Females of the species dominated the collections from both types of carcasses. The mites were mainly collected from soil beneath the carcasses. Similar finding has also been found by Anderson and Van Laerhoven (1996) that reported mites as the most abundant soil invertebrates beneath a corpse.
Four females M. scutatiformis mites were found attached on a dung beetle, Phaeochroops freenae and one female attached to the anterior part of a larva collected inside a pitfall trap near a rabbit carcass. Although there was carrion beetles belong to family Cleridae were collected, no mites were found on them. The finding is in contrary to other previous studies that reported Macrocheles mites of having intimate and specific association with carrion beetles ). The associations of Macrocheles with other arthropods may be useful in forensic investigations as an indicator of the time of arrival of their beetles or flies carrier. This is important as forensic investigations have so far been limited to insects, focusing mainly on flies and beetles as they are prominent in size and their presence at dead animal or human are more consistent.
In general, body of M. scutatiformis mite is oval in shape. The female have a slightly longer dorsal shield than the male. Sternal shield of female is sculptured with lines and punctuations and the ornamentation of the species is more developed than that of closely related species M. scutatus ( Figure 1 ). The genital shield is flat with rounded front edge (Figure 2 ). In male, the genital shield is fused with the sternal shield (Figure 1) . The sternogenital shield which elongated between coxae II and IV has five pairs of smooth setae. Ventrianal shield of female mite is with rounded sides and transverse lines (Figure 3 ). In the male however, the front edge and sides of the ventrianal shield is densely covered with small pits (Figure 3) . Unlike the female, surface of the male's anal shield has a reticulate pattern instead of a distinct one. Chelicera of the mite consists of two digits, one is movable and another one is fixed. Fixed digit is dentate. Chelicera with spermatodactyl, i.e. sperm transfer organ is unique to the males and has been used as another important character to differentiate the sexes (Figure 4) . Both sexes have a bristle brush and dense long pubescent bristles at the base of its chelicera. Besides the chelicera, leg II of the mite also plays a role in identifying the sexes. Legs II of a female is with thick bristles at the distal but with a large spine on the lower legs of the males ( Figure 5 ). Similar spines are also present in legs IV of the males ( Figure 5 ). The trochanter IV is with massive triangular spines and thick bristles at the distal ( Figure 6 ).
It is interesting to note that only adults of the M. scutatiformis were recovered and the females represented most of them. Since most of the females were collected from soil, it is likely for them to be attracted to carcass for food (Doube et al. 1986; Weaver 2005) or possibly for place to lay eggs ). Other reasons are probably due to the butyric fermentation and advance decay of the carcasses that attract mites. Chelicerae of most female Macrocheles mites are adapted to hold on to the hairs of beetle or fly carriers for transportation (Perotti et al. 2010) and this may possibly be another reason for the discovery of more females than males. Moreover, the males of many ,10,11,12,13,14,15,17,19,20,24,26,27,28,32,33 142 130 (91.6%) 121 (93.1%) 2. ,4,12,13,14,18,20,21,24,26,27,29,33 phoretic mites were reported to be extremely rare Philips 1984) . Eleven males collected in the present study were all from soil and thereby are not phoretics.
There are limitation and challenge faced throughout this study. The major challenge was on taxonomy and identification of the mites to species level. There was a serious lacking of taxonomic keys, pictorial keys and literature on Malaysian mites.
CONCLUSION
In most places, such as Canary Island, Spain (DomingoQuero et al. 2003; Moraza & Pena 2005) , Central and Southern Croatia (Kaczmarek & Marquardt 2010; Kaczmarek et al. 2009 ), Dalmatia and Sourthern Turkmenia (Petrova 1967) this mite species is reported not to be associated with carcasses except in Malaysia (this paper). A further study on biology, behavior and ecology of the species is recommended to obtain information that might be useful in forensic science.
